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AMENDMENT 

IN THE SPECIFICATION 

Please amend the entire specification as follows. A clean version of the 
substitute specification Is also included herein. No new matter is included. 

MARKED UP COPY SPECIFICATION 
Field of the invention 

The present invention relates to a novel method of manufacturing an electrode 
structure, and to a manufacturing method for producing a battery and an electrical 
double-layer capacitor utilizing the electrode structure. 
Description of prior art 

A typical electrode structure of the prior art is manufactured by coating a current 
collecting member current collector surface with a compound mixture containing an 
electrode material, a powdered electrically-conducting substance, binder and 
solvent, vaporizing the solvent by directing hot air flow, and drying the coating to 
attach an oloctrodo f i lm electrode layer to the surface of the curr e nt GOll e ct i ng 
m e mb e r current collector . Unfortunately, the e l e ctrodo f il m electrode layer is prone 
to peel away from the current co lle cting memb e r current collector and as a 
consequence the electrical resistance of the e l e ctrod e film electrode iaver does not 
decrease. Here, hot air flow is generated by a hot air heater utilizing outside air of 
80-200^ at 15-25m/second. For example as shown in Figure 1 1, the hot air heater 
is configured such that electrode structures containing an e l e ctrod e f il m electrode 
layer h coated on a cun-ont cQ l l e cting m e mber current collector g is moved by the 
conveyor d into the cabinet c and hot air flow f is directed onto the o l octrodo fi l m 
electrode layer h from a hot air outlet to vaporize the solvent Involved. The hot air 
flow moves the solvent outwards by way of the cabinet outlet e. 

SUMMARY AND OBJECT OF THE INVENTION 
An object of this invention is to provide an ele ctrod e fi l m electrode layer that 

adheres well to the current coll e ct i ng m e mbor current collector . 

Another object of this invention is to provide an o l octrodo fi l m electrode Iaver 

with low electrical resistance. 
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Another object of this invention is to provide a battery or double-layer capacitor 
with an el e ctrod e fi l m electrode layer having low electrical resistance and good 
bonding. 

This invention relates to a method of manufacturing an electrode structure by 
coating a compound mbcture comprising an electrode material, binder, and solvent 
onto a curr e nt co ll ootlng mombor current collector , directing warm breeze onto the 
compound mixture coating to vaporize the solvent and form an o l octrodo film 
electrode layer on the cunr e nt co l loot l ng memb e r current collector . 

BRIEF DESCRIPTION OF DRAWINGS 
The above and other objects and advantages of the present invention will 
become readily apparent by reference to the following detailed description when 
considered in conjunction with the accompanying drawings. 

FIGS.1 A-F are plan views showing different types of electrode structures; 
FIG. 2 is a schematic view of the fabrication of an electrode structure; 
FIG. 3 is a plan view of a breezy/air drying device used in this invention; 
FIGS.4A and B are views illustrating the drying of the coated compound mixture 
by hot air flow and by breezy/air, respectively; 

FIGS.5A and B are plan views showing different battery structures; 
FIGS.6A and B are plan views showing differervl structures of electric double- 
layer capacitors; 

FIGS. 7A-C are plan views showing different levels of peeling strength. 
FIG. 8 is a schematic view illustrating the covering of ion-conducting polymer 
FIGS, 9A-D are, plan, perspective and cross-sectional views of the respective 
press-sliding and kneading device; 

FIG. 10 is a plan view of a fixing or adhesion device; and 
Fig. 1 1 is a schematic view of a prior art hot air heating device 

DETAILED DESCRIPTION OF ElVIBODIMENT 
The embodiments of the invention are next described while referring to the 

accompanying drawings. 

The electrode structure of this Invention can be used in the electrodes of 

electronic components wherein typically an electrolyte Is provided between the 

3 
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electrodes. When the electrical component Is a battery, the electrode structure 
exchanges electricity by way of electrolyte ions. When the electrical component is a 
double-layer capacitor, the electrode structure forms an electrical double-layer 
between a nnateriai with a large surface area and electrolyte. 

Figure 1 Illustrates examples of typical electrode structures. The electrode 
structure of FIG. 1 (A) is used as the positive electrode of a battery. In this figure, the 
electrode structure 1 is an e l e ctrod e f i lm electrode layer 18 consisting of an 
electrode active material as an electrode material 11. an electricaily-conductive 
material 14, and binder17, attached to the surface of the Gunrent - co il oct i ng m e mb e r 
current collector 13, Here, LiCo02, i.e., the powdered electrode active substance, 
for example, is used as the electrode active material. In FIG. 1(B), an ion- 
conducting polymer 12 is attached to the powered electrode material 11 of FIG. 1(A). 
The ion-conducting polymer 12 also acts as a binder. FIG. 1(C) shows an electrode 
structure used In the negative electrode of a battery. In this figure, the electrode 
structure 1 is an ele ctrod e film electrode layer 18 consisting of a powdered electrode 
active substance as an electrode material 11 and a binder 17, attached to the 
surface of the ourront oo l looting m e mb e r currBnt collector 13. Here, graphite powder 
is, for example, used as the powdered electrode active substance. FIG. 1(D) is the 
electrode material of FIG, 1(C) coated with the ion-conducting polymer 12. This ion- 
conducting polymer also functions as a binder. In FIG. 1(E), the electrode structure 
Is used as an electrode for the double-layer capacitor. In this figure, the electrode 
structure 1 is an o l octrod e fi l m electrode layer 18 consisting of a large surface area 
material as an electrode material 1 1 and a binder 17. attached to the surface of the 
curr e nt col le ct i ng m e mb e r current collector 13. Here, active carbon material, I.e., 
powdery high surface area material, is used, for example, as the large surf^ace area 
material. In FIG, 1(F), an ion-conducting polymer 12 is attached to the powdery high 
suriiace area material of FIG. 1(E). This ion-conducting polymer also functions as a 
binder. When the electrode material 1 1 is covered with the ion-conducting polymer 
12. this ion-conducting polymer functions as a binder. The electrode material 
covered with the Ion-conducting polymer is described in detail later on. 

An example of the manufacturing method of this invention to produce an 
electrode structure is shown in FIG. 2. The electrode material 11, electrically- 
conductive material 14, binder 17, and solvent 19 are mixed together by slurrying in 
a mixer 3 to obtain the mbced material 31. The mixed material 31 is lightly coated 
onto the surface of the curr e nt - co ll ect i ng m e mb e r current collector 13. The method 
for coating the mixed material 31 may proceeded by a doctor l^nife applicator. The 
solvent of the mixed material coating is vaporized by breezy/air heating, and the 

4 
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material coating dried and attached to the current - oo ll oct i ng momb e r purrent 
collector 1 3 as the ele ctrod e f i lm electrode laver 1 8. As such, this Invention provides 
the same advantages as an e l ootrodo film electrode laver obtained through the 
method of drying the mixed material coating by infrared radiation as disclosed In 
Japanese Patent Application No. 2000-32279 by the present inventors. 

Breezy/Air heating is a heating method for drying the mixed material 31 and is 
conducted by directing breezy/air with heat, i.e., warm breeze 51, to the mixed 
material 31 . A breezy/air heater 51 is a device used to heat an object by blowing air, 
wherein the breezy/air with heat, i.e., the warm breeze 51, is directed onto the mixed 
material to dry the mixed material into ele ctrod e fi l m electrode laver 18. For 
example as in FIG. 3, the breezy/air is injected from an outside air inlet 59, dried by 
a dry air generator 58, and heated by an air heater 52, and the warm breeze 51 is 
injected into the cabinet 56 via a guide tube 53. The olootrodo film electrode laver 
18 coated on the curr e nt - caa ll octing me mb e r current collector 13 is moved within the 
cabinet 56 by a conveying means such as a conveyer 55. The warm breeze 51 Is 
directed onto the e le ctrod e film electrode laver 18. vaporizes the solvent involved in 
the ele ctrod e f il m electrode laver 18. and is subsequently directed into the solvent 
collector 57 via ducts 54, thereby collecting the vaporized solvent. The warm breeze 
51 after removing the solvent Is exhausted from partial ducts 60, and the rest of the 
air is retumed into the dry air generator 58. The warm breeze 51 in this invention 
preferably Is a gas flow such as an air flow of 60-1 50"^ a4 and 0.1-3m/second or 
lower. 

When warm breeze 51 Is used, the el ectrod e film electrode laver 18 from the 
dried mixed material adheres (or bonds) well to the curr e nt - co lle ct i ng mombor 
current collector 1 3. and the electrical resistance of the olootrod e f i lm electrode laver 
18 is also low. The reason for the above result may be shown in a hypothetical 
process as depicted in FIG. 4. FIG. 4 shows an enhanced view of the internal state 
of the mixed malerial 31 when the solvent 19 of the mixed material coated on the 
ourront oo ll octing mombor current collector 13 is vaporized. FIG. 4(A) shows the 
conventional method of applying hot air flow f of 80-200t; at 15-25m/second onto 
the mixed material 31 to vaporize the solvent 32 mixed with a binder. FIG. 4(B) 
shows the method of this invention wherein the warm breeze 51 of 60-1 50*C at-4 
3m/ 6e cond and 0.1-3m/second . Is directed onto the mixed material 31 to vaporize 
the solvent 32 mixed with a binder. 

The solvent vaporization process works as follows in the case of the 
conventional method of directing the hot air flow f of FIG. 4(A). First, when hot air 
flow f is applied to the surface of the mixed material, the area around the surface of 
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the mixed material 31 suddenly warms up in the hot air flow f , and the solvent on the 
surface is vaporized and blown away by the hot air flow f. The solvent near the 
surface therefore quickly vaporizes, and to compensate, the solvent at the Interior of 
the mixed material and near the collector electrode moves to the vicinity of the 
surface The binder contained in the solvent and the powdered conducting material 
are at this time carried to the surface of the mixed material 31 along with the solvent. 
That Is, migration of the binder and the powdered conducting material occurs. As a 
result, the binder concentration of the mixed material in the vicinity of the ourr e nt - 



concentration become thin. The ele ctrod e fi l m electrode laver therefore tends to 
easily peel away from the cunT e nt - co i l e ct i ng m a mb e r current collector 13; the relative 
electrical resistance in the vicinity of the current colloct i ng m e mb e r current collector 
becomes high; and the resistance of the electrode overall becomes high. 

In contrast. In the method of this invention shown in FIG. 4{B) in which the warm 
breeze 51 is directed, the solvent vaporization process works as follows. When the 
wamn breeze 51 is directed onto the mixed material surface, the warm breeze 51 
gradually heats up the entire mixed material and gradually vaporizes the solvent 
from the mixed material surface. The concentrations of binder and powdered 
conducting material 14 therefore remain uniform overall. That is, migration of the 
binder and the powdered conducting material Is prevented. As a result, the binder 
concentration in the vicinity of the current col l oot i ng mombor current collector 13 
does not become weak {or thin) in the electrode material of dried mixed material 31. 
Accordingly, the e l e ctrod e fi l m electrode laver adheres well to the curront ooHocting 
m e mb e r current collector 1 3. Further, the concentration of the powdered conducting 
material in the vicinity of the current oo lle cting m e mb e r current collector 13 does not 
become weak either, so that the electrical resistance of the overall e l e ctrod e film 
electrode laver Is low. 

The curr efl t - eo lle ct i ng - m e mb e r current collector 13 may be any material capable 
of conducting electricity, and the material and shape can be selected according to 
the electronic component containing member 13. As one example, the electrically- 
conductive material may be aluminum or copper and formed into a plate, leaf or 
mesh shape. When the current co ll ooting m e mber current collector is a plate or leaf 
shape, one or both sides are used according to the structure of the electronic 
component. 

The ele ctrod e- fi l m electrode laver 18 for adhering to the cun^ e nt co lle ct i ng 
mombor current collector 13 may be pressed into the curront oo l looting mombor 
current collector to make it further adhere. To further fix film 1 8, a fixing device 4 as 




current collector 13 and the powdered conducting material 
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shown in Fig. 10 is used. An electrode stnjcture 1 made from ounront ool l octing 
mombor current collector coated ^Aflth mixed material Is enclosed by the pressure 
rollers 41. E l ectrod e fi l m Electrode taver can be bonded to the cun^ent coll e cting 
m e mb e r current collector by applying a rotating pressure with the pressure device 43 
and by means of the backroller 42 applied against pressure rollers 41. Further, the 
fixing or adhesion device 4 Is not limited to a four-roller device and Is sufficient as 
long as it presses and adheres the o l ootrodo film electrode layer to the current 
Go lle cting m e mb e r current collector . For example, a two-roller press device may be 
appropriate. 

The electrode structure of FIG. 1(A) or FIG. 1(B) can be used as the positive 
electrode while an electrode stmcture useful as a negative electrode Is shown In 
FIG. 1(C) or FIG. 1(D). An electrolyte may be positioned between the respective 
electrode structures. FIG. 5 shows an example in which a battery comprises an 
electrode structure of FIG. 1(B) as the positive electrode and an electrode structure 
of FIG. 1(D) as the negative electrode. Here, FIG. 5(A) shows the case when the 
electrolyte is a liquid electrolyte 16, and a separator 15 is placed between the 
electrodes. FIG. 5(B) shows the case when the electrolyte Is an ion-conducting 
polymer 12 In solid. The separator 15 is installed to Isolate one pair of electrode 
structures 1 , and the electrolyte can be used in solid when required according to 
circumstances. 

The double-layer capacitor has a structure with electrolyte placed between one 
pair of electrodes of the electrode structure of FIG. 1(E) or one pair of electrodes of 
the electrode structure of FIG. 1(F). A double-layer capacitor utilizing the electrode 
structure of FIG. 1 (E) is shown in FIG. 6(A), and a double-layer capacitor utilizing the 
electrode structure of FIG. 1(F) is shown In FIG, 6(B). Here, FIG. 6(A) shows the 
case when the electrolyte Is a liquid electrolyte 16, and a separator 15 is placed 
between the electrodes, FIG. 6(B) shows the case when the electrolyte is an ion- 
conducting polymer 12 in solid. The separator 15 Is installed to isolate one pair of 
electrode structures 1, and the electrolyte can be used in solid when required 
according to circumstances. 

Examples of the electrode structure are described next. 

Eight electrode structure sample pieces 1-8 were dried using two types of 
heating methods; one method was the hot air flow method of the prior art and the 
other was breezing/air heating method of this Invention. The peeling strength and 
impedance (Q/ohm) of these sample pieces were measured. A battery using the 
electrode structures was prepared and a cycle degradation was measured. The 

7 
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ratio (proportions) of electrode material, conductive material, binder, and solvent 
material used in the preparation of the sample pieces are shown In Table 1. 
TABLE 1 





ACTUAL ELECTRODE COMPOSITION <per weight) 




Active 


Powder 


Binders 


Thickness 


Solvent (per 


Sampl 


carbon; 


conducting 


Polymer 


Polyrner 


Teflon 


PVDF 


of eleotroda 


weight) 


e 


material or 
LICo02 


material 
<cart>on 
black) 


A1 


A2 










1 


20 


0 


0.6 




0.24 




350 


NMP (30) 


2 


20 


0 


1 








75 


NMP (30) 


3 


20 


0 




1 






SO 


NMP (30) 


4 


20 


0 






1 




75 


NMP (30) 


5 


18 


2 


1 








350 


NMP (30) 


5 


18 


2 






1 




350 


NMP (30) 




(LIC0O2) 
















7 


91 


6 








Z 


85 


NEK(20) + 
NMP (10) 


8 


91 


9 




11 






92 


NMP (20) 



Samples 1 through 6 represent electrodes useful for capacitors. The electrode 
material was made from phenol active carbon (made by Kansai Chemical Corp.) 
which was dry mixed with carbon black, i.e., the powdered conductive material, as 
the conductive material, utilizing a mixer. Samples 7 through 8 represent positive 
electrodes for batteries. Carbon black of the powdered conductive material as the 
electrode was added to LIC0O2 of the powdered electrode active substance which 
served as the electrically-conductive material by dry type mixing performed utilizing a 
mixer. The binder was then added to all the samples 1 through 8 and mixing 
performed. A specified amount of solvent was further added and mixing was 
performed. After mixing, the material was coated onto the collector element with a 
doctor knife applicator. The samples were then dried by breezy/air heating or 
conventional hot air heating. 

The samples 1 to 6 utilized active carbon material as the electrode material. 
Sample 7 utilized LIC0O2 as the electrode material and PVDF (polyvinylidene 
fluoride) as the binder. Sample 8 utilized LIGoOa as the electrode material and 

6 
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polymer A2 as the binder, and was covered with ion-condu<^ing polymer. Samples 1 
through 4 contained no carbon black powdered electrlcally^conductlng substance, 
and samples 5 through 11 contained carbon black though there were differences In 
the concentrations used In the samples. Polymer A1, polymer A2, Teflon powder, 
and PVDF were used as the binders. Polymer A1 and polymer A2 were ion- 
conducting polymers. The raw materials used to form polymers A1 and A2 are 
shown in Table 2 and Table 3, respectively. NMP {H methyl-2-pyrrolidone) was 
mainly used as the solvent, and MEK {methyl ethyl ketone) was used only in 
preparing sample 7. . 



TABLE 2 



Substance 


Mixing ratio 
(weight parts) 


TrI-functional (propylene glycol/ethylene glycol) random 
copolymer, SANNIX FA-103 (PO/EO=2/8, Mw=3,282. 
Sanyo Chemical Industries. Ltd.) 


8.36 


Difunctlonal 1, 4-butanediol 


0.34 


Ethylene cyanohydrin 


1,27 


Reaction catalyst NC-IM (Sankyo Air PnxJucts K,K.) 


0.03 


Total 


10 


TABLE 3 


Substance 


Mixing ratio 
(weight 
l>arts) 


Cyanoethylated/dihydroxypropylated polyvinyl alcohol 


0,625 


Methoxypolyethyleneglycol methacrylate (mol. v/t. 468) 


3,125 


Trimethylolpropanetrimethacrylate (mol. wt. 536) 


6.25 


Total 


10 



With respect to breezy/air heating of this invention, the air heater 52, the 
ancillary dry air generator 58, and the solvent collector 57 are driven to generate dry 
air. The warm breeze is supplied Into the cabinet 56 at 1m/second (approximately 
minimum of 0.5-maximum 1.5m/second) An area within the cabinet 56 wherein the 
warm breeze is flown through is divided into a first zone keeping the warm breeze 

9 
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approximately at 80 and a second zone keeping the warm breeze approximately 
at 100 *C The sample nnaterfal is supplied into the first zone then into the second 
zone at 3m/minute- Length of the first and second zones each is approximately 
4.5m (total of 9m), the time required for the air to flow though is approximately 3 
minutes, and the mixed material is dried for 3 minutes. As such, the mixed material 
was dried so that migration of the binder and the powdered conducting material may 
be prevented. 

A device as shown in FIG- 1 1 was utilized for the hot air heating, where outside 
air within a room is drawn from outside of the device. The hot air flow had a 60% 
relative humidity and was directed at the sample at 15m/second for 3 minutes to dry 
the mixed material. The same procedure as in breezy/air heating was performed 
except for the wind velocity and drying of the hot air flow. For a reference purpose, 
the hot air flow of dried outside air as in this invention was also tested. That is, all 
the same steps in the above hot air flow heating are used except for the dry air 
instead of outside air (having 60% relative humidity). 

To measure the peeling Strength, cellophane tape (KOKUYO TSS18N width 
18mm, thickness 50 ju m) was attached to the ele ctrod e fi l m electrode layer 
fabricated on the surface of the curr e nt co ll sct i ng memb e r current collector , and the 
TOllophane tape was then pulled away to make the ele ctrod e fi l m electrode layer 
stuck onto the cellophane tape separate from the GUff- e nt - col l oot i na m e mb e r current 
collector . A peeling strength ranking could then be established according to the 
amount of ele ctrod e fi l m electrode layer peeled from the surface of the current 
co lle cting m e mb e r current collector . FIG. 7 taken from photographs shows the 
electrod e f il m electrode layer stuck to the cellophane tape. FIG. 7(A) taken from 
photographs shows a small flaked portion of the upper ele ctrode fi l m electrode layer , 
which is ranked a. (The blacken portion in the photograph is the flaked portion of 
the e l e ctrod e film electrode layer .) FIG. 7(B) taken from photographs shows a small 
flaked portion of the middle o l octrodo fi l m electrode layer , wrtiich is ranked b. (The 
blacken portion in the photograph is the flaked portion of the o l octrodo fi l m 
electrode layer .^ FIG. 7(C) taken from photographs shows an e l e ctrod e fi l m 
electrode layer completely peeled from the curr e nt co ll ect i ng m e mb e r current 
collector , which is ranked c. (The blacken portion in the photograph is the flaked 
portion of the e l e ctrod e fi l m electrode laver .) For samples measurement, the results 
of peeling strength and Impedance (Q/ohm) are shown in Table 4. 



10 
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TABLE 4 



Sample 


Dry bneezy/afr heating 


Hot outside air heating 


Hot dry air heating 


Peellr>g 
Strength 


Impedance 
<Q/ohm) 


Peeling 
Strength 


tmpedancB 
(O/ohm) 


Peeling 
Stnangth 


Impedance 
(Q/ohm) 


1 


a 


2.5 


c 


96 






2 


a 


0.7 


b 


3S 






3 


a 


0.9 


b 


8.6 






4 


b 


0.5 


c 


1.8 






5 


a 


0.3 


b 


1.11 






5 


a 


0.7 


c 


1.35 






7 


b 


2.3 


c 


6 


c 


5 


B 


a 


0.5 


b 


3 


t> 


3 



To measure the impedance (Q/ohm). the electrodes formed on the collector 
element were enclosed by copper plates of 2 centimeters In diameter and 5 
millimeters thick. A pressure of 4.5 kilograms per centimeter was applied from 
above and below, and the resistance at 10 kik5hertz AC was measured with an 
impedance analyzer. 

On comparing dry breezy/air heated samples and outside hot air heated and dry 
hot air heated samples having the same sample numbers, in alt cases, the peeling 
strength for the dry breezy/air heating samples was found to be one or two ranks 
higher than the hot air heated samples. In the impedance test results also, the 
breezy/air heated samples had an impedance (Q/ohm) which was small, indicating 
low resistance. Further, comparing the outside hot air heating with dry hot air 
heating only as to the samples 7 and 8, there does not exist large differences 
regarding the peeling strength and impedance (Q/ohm) between the two. 

An electrode prepared according to the above-embodiment was used to prepare 
a battery, and Table 5 shows connparison results of dry breezy/air heating, outside 
hot air heating, and dry hot air heating. A lithium ion battery was prepared by 
combining the positive electrode using LiCoOa obtained through breezy/air heating 
and hot air heating (including outside air and dry air) of sample 7 as an active 
material and a negative electrode using graphite as an active material, which was 
used as test samples. Charging and discharging were performed using the lest 
samples. As this negative electrode, using a normal blade mixer, 9.5 weight part of 

11 
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powdered graphite with average particle size of 4ai , I.e.. powdery electrode active 
material, was mixed with 25.5 weight part of n-metiiylpyrrolidone having 0.5 weight 
part of dissolved polyvinylldene fluoride (PVDF) without ion conductive polymer, as 
the macromolecular binder. After mixing about 8 hours, the mixed material was 
taken out arid was placed on a copper foil of 20 m m in thickness and was cast using 
a doctor knife applicator with gap of 1 0O m m. Then, breezy/air drying with the dry air 
of this invention was conducted to vaporize n-methylpyrrolidone. The electrode thus 
obtained had a thickness of 80 ju m- The battery had a separator between the 
positive electrode having an olootrodo film electrode layer of 0,94cm^ on one 
surface and the negative electrode having an e l e ctrod e fi l m electrode layer of 
0.94cm^ on one surface in order to prepare a coincell. Electrolyte was filled up to 
prepare a test cell. EC/DEC(1/1)VA^ solution dissolving 1 .OM of LiPFe was used as 
electrolyte. 

The result of cycle degradation is shown in Table 5. The amount of charging 
and discharging at the first cycle (time) was assumed to be 100 and which will be 
compared with the amount at 200 cycles and 400 cycles. Conducting breezy/air 
heating accordingly was found to produce an electrode vwth less degradation as 
shown in Table 5. Further, comparing the outside air heating with dry hot air 
heating, the amount of charging and discharging at 200 cycles and 400 cycles 
regarding the dry hot air heating showed better results so far as the cycle 
degradation Is concerned. 



TABLE 5 



Condition of drying 


Positive electrode 
No. 


Discharging ratio at 
200 cycles 


Discharging ratio at 
400 cycles 


Breezy/air drying of 
dry air 


7 


96 


94 


Hot air drying of 
outside air 


7 


86 


80 


Hot air drying of dry 
air 


7 


91 


87 



When air with relatively higher humidity Is heated to prepare an electrode, 
electrode materials within the electrode sometime absorb moisture. Especially for a 
battery and an electrical double-layer capacitor used with high voltage (i.e., 1.6V or 
more), a trace of moisture absort>ed may cause electrolysis within the electrode to 
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generate hydrogen and oxygen. As a result of the above condition, it Is considered 
that cycle degradation occurs. 

Wso. witti respect to a lithium type battery, LIPFe and UBFa may be used as the 
Ion conductive salt. Since tliese materials read with a trace of moisture and 
generate HF, HF generated corrodes a wide variety of materials to cause cycle 
degradation. Accordingly, zero temperature of air as dry air should be -lOt: or 
lower, preferably -20X: or lower, more preferably -AOX: or lower and most preferably 
-sec or lower. 

Here, the condition for charging should be such that charging Is first conducted 
at a charging current of 0.21-0.26mA/cm2, secondly, maintaining a charging voltage 
of 4,2V for two hours upon reaching 4.2V. and thirdly, pausing the charging for ten 
minutes. The condition for discharging should be such that discharging Is conducted 
at a discharging cunrent of 0.21-0.26mA/cm2 up to 2.7V of final voltage and pausing 
the discharging for ten minutes. Charging and discharging are repeated under 
room temperature. 

The electrode material coated with ion-conducting polymer is described next. 

in FIG. 1, the powdered electrode active substance 11 has the shape of 
particles consisting of bonded particles like LiCo02. The process for depositing the 
ion-conducting polymer 1 2 is also shown, liere, "adhere" or "adhesion" means that 
ions are attached in such manner that the ions can migrate between the Ion 
conductive polymer 12 and the entire surface of the powdery electrode material. It 
means that the Ion conductive polymer 12 adheres to the surface of the powdery 
electrode material 1 1 and covers It with the Ion conductive polymer 12. The finer the 
particles are. the more active the powdery electrode active material 1 1 Is. When It 
is adhered to and covered by the ion conductive polymer 12, the activity is 
suppressed and can be tumed a to more stable state. When the deposit of ion- 
conciucting polymer 12 is thick, the electrical conduction decreases, and the current 
(charge) collection is poor. Accordingly, forming a thin coating of ion-conducting 
polymer is preferable. Inventions relating to electrode structures coated with ion- 
conducting polymer have already been proposed by the applicants of this Invention 
(Japanese Patent Application 11-262501, and Japanese Patent Application 11- 
262502). 

The powder shape such as for the powdered electrode active substance 11 and 
powdered conducting material 14 Is a fine particle substance. Further, such a 
powder Is a collection of many substances. In certain cases, this fine particle 
substance refers to a state wherein a large number of substances in a fine particle 
state constitute an agglomeration. 
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The powdered electrode active substance uses ion insertable-separable 
materials and n -conjugated conductive macromolecular materials. For example, 
there are no particular restrictions on the electrode active substance used as the 
positive electrode for non-aqueous electrolyte batteries. However. In the case of 
chargeable batteries, chalcogen compounds allowing ion Insertion/separation or 
composite chalcogen compounds containing lithium are recommended, 

FeSs, TiSj, M0S2, V2OS, VqOis. and Mn02 may be employed as the above- 
chalcogen compounds. The chalcogen compound having lithium as described 
above includes LiCo02, LixNlyMi-y02 (where M represents at least one type of metal 
element selected from transition metal or aluminum, or more preferably, it 
represents at least one type of metal element selected from Co, Mn, Ti, Cr. V, or Al, 
and 0,05 ^ x ^1.10 and 0.5 ^ y ^1.0), LiNI02. LiMnOz. LiMn204, etc. Using 
oxide, salt or hydroxide of lithium, cobalt, nickel or manganese as starting materials, 
these starting materials are mixed in adequate composition, and the mixture is fired 
in the temperature range of 600*C - 1000t under oxygen atmosphere. 

There are no particular restrictions on the electrode active substance used as 
the negative electrode for non-aqueous electrolyte batteries. However, a material 
allowing lithium ion insertion/separation may t>e used, and lithium metal, liihium 
alloys (alloys such as lithium and aluminum, lead, Indium) and carbon quality 
materials may be utilized. 

Polyacetyiene types, polyanlline types, polypyrrole types, polythiophene types, 
poly- f> (para) -phenylene types, polycarbazole types, polyacene types and sulfur 
polymer types are among the useful n -conjugated conductive macromolecular 
matehals. 

Using lithium metals in the negative electrode achieves a large battery capacity 
particularly in primary non-aqueous electrolyte batteries. 

Also, in non-aqueous electrolyte batteries, using carbon materials in the 
negative electrodes, that are capable of lithium ion insertion/separation yields a 
longer battery cycle life span. There are no particular restrictions on the carbon 
material used but materials such as pyrolylic carbon types, coke types (pitch coke, 
needle coke and petroleum coke, etc.) graphite types, glass carbon types, organic 
macromolecular compound fired products (carbonized pieces baked to a suitable 
temperature such as phenol resin and furan resin) carbon fibers and active carbon 
may be utilized. 

The powdered electrically-conducting substance raises the conductivity of the 
electrode structure and though there are no particular restrictions, materials such as 
metal powder and carbon powder may be used. Particulariy, preferred carbon 

14 
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powders are pyrolytic carbons such as carbon black, and their graphite products, 
artificial and natural scaly graphite powder, carbon fibers and their graphite products, 
etc. Product mixtures of these carbon powders are also utilized. 

The ion conductive polymer is a polymer, which can dissolve at least an ion 
conductive salt such as lithium salt at concentration of 0.1 M (mol/l) or more shows 
an electrical conductivity of 10"* S (siemens)/cm or more at room temperature. 
Preferably, It is an ion conductive polymer, which dissolves at least Ion conductive 
salt such as lithium salt and exhibits electrical conductivity of 10'^ S/cm -10"^ S/cm at 
room temperature. 

The lithium salt Is at least one type of lithium salt having CIO4", CFaSOs", BF4\ 
PFe", AsFq', SbFe". CF3CO2' or {CF3S02)2N* as anion. 

The Ion-conducting polymer raw material is a substance which produces the 
ion-conducting polymer by polymerizing, cross-linking, etc., when energy is supplied 
externally. Also, the raw material itself may be a polymer. The energy may be heat, 
ultraviolet light light or electron radiation. 

The method of manufacturing these electrode structures will now be described. 

The method of coating the powdered conductive material with the ion- 
conduding polymer as is shown in Fig. 8 Is to press-slide the ion-conducting polymer 
and the powdered electrode active substance against each other. In this process, 
by using only a minute amount of the ion-conducting polymer, the particle surfaces 
of the powdered electrode active substance are coated with the ion-conducting 
polymer, no voids are formed, and gaps In the powdered substance are reduced. 

Press-sliding is the action of sliding while pressing mixtures 10 of the ion- 
conducting polymer 12 or the raw materia] of the ion-conducting polymer 12 and the 
powdered substance 1 1 together. An external force is applied to the mixtures so 
that they cohere to each other and the particles rotate* and this process is performed 
repeatedly to obtain a press-sliding product. 

The press-sliding and l<neading mixer Is shown, for example, in Fig. 9(A). The 
mixture 10 of the ion conductive polymer12 and the powdered material 11, or a 
mixture containing this mixture and a mixture 10 containing solvent, is placed in a 
container 21, and a main blade 22 is rotated. There is a gap between a bottom 211 
of the container 21 and the main blade 22, When the main blade 22 is rotated, a 
part of the mixture 10 is moved between the bottom 211 of the container 21 and the 
main blade 22. It is subject to press-sliding and kneading. This process is repeated 
to coat the ion-conducting polymer 12 on the powdered substance 11. A press- 
sliding mixer 2 may if necessary be provided with a dispersion blade 23 in the 
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container 21. The dispersion biade 23 is rotated at high speed via motor 231 to 
disperse the press-slide mixture 10. 

The container 21 is provided for holding the mixture 10 which is press-slid and 
stirred. At the bottom of the container 21 . there is provided a lower portion 21 11 with 
a part of it at lower position. The bottom surface is inclined upward as It goes towarel 
the peripheral portion of container 21. For instance, the bottom surface is lower at 
the center, and gradually goes up toward the periphery. The bottom 21 1 is formed 
in the shape of a conical mortar. The inclination angle of the lower portion 2111 is 
set to ISO'C, for example. The bottom 211 of the container is wear-resistant, and 
can be formed by thermal spraying with tungsten or carbide using SUS. Plural 
bottom parts of this type may also be formed on the bottom surface 2111, 

The main biade 22 functions together with the bottom surface 21 1 of the 
container 21. serving to pres&-slide and stir the mixture 10. The main blade 22, is 
positioned via shaft 221 to the desired location relative to the bottom 211 of the 
container 21 as shown for example in Figs. 9{A) and 9(B). The main blade 22 
curves upwards corresponding to the slant of bottom 21 1 of the container 21. The 
main blade 22 may comprise two blades attached from the center part as shown in 
Fig. 9(B), or it may comprise a larger number of blades, e.g. 10 or more, depending 
on the amourit and type of mixture. 

The number of rotations of a main motor 222 driving the main shaft 221 is set 
low for example to 120 rpm or less, when press-sliding is performed. 

The gap between the bottom surface 21 1 of the container 21 and the base 
surface of the main blade 22 is set as narrow as is necessary for press-sliding the 
mixture, for example 15 mm or less. This distance depends on the capacity of the 
press-sliding mixer 2 and on the shape of the main blade, etc. 

The surface In the motion direction (press-sliding direction) of the main biade 22 
is fonned so that a pressing angle 8 relative to the bottom surface of the container 
21 is an acute angle. For example, if the cross-section of the main biade 22 is a 
reverse trapezoid as shown in Fig. 9(C). the pressing angle is from 3-70 degrees. 
The cross-section of the main blade 22 may also be circular or have a rounded 
comer as shown in Rg. 9(D). The material of the main biade has wear-resrstant 
properties, and Is formed for example by thermal spraying with tungsten or cartJide 
using SUS. 

The surface of the main blade 22 opposite to the advancing direction (direction 
of pressurizing and grinding) is designed in such manner that it runs almost 
perpendicularly to the bottom surface and at acute angle. As a result, when the 
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main shaft 221 is rotated in reverse direction, the mixture 10 can be coilected on the 
periphery of the main shaft 221 . 

If there are plurai bottom parts on the bottom surface 21 1, the center parts of 
the main biade 22 are also disposed in positions of the bottom part corresponding to 
their number 

The dispersion blade 23 disperses the mixture 10 which is press-slid by the 
main blade 22. The dispersion blade 23 is disposed in a position at which the 
mixture 10 can be dispersed, and it rotates at a high speed such as 1000-4000 rpm. 
Due to this high speed rotation, the Ion-conducting polymer 12 or its raw material 
coated on the particle surfaces of the powdered substance 1 1 unifomniy disperses 
through the whole of the powdered substance. 

This invention as described al>ove, renders the following effects. 

An e l e ctrod e film electrode laver that adheres well to the current coHocting 
me mb e r current collector can be obtained. 

An e loctrodofi i m electrode laver with low electrical resistance can be obtained. 

A battery or double-layer capacitor with an ele ctrodo fi l m electrode laver having 
low electrical resistance and good bonding can be obtained. 

It is readily apparent that the above-described invention has the advantages of 
wide commercial utility. It may be understood that the specrfic form of the Invention 
hereinabove described is intended to be representative only, and certain 
modifications within the scope of these teachings wilt be apparent to those skilled in 
the art without departing from the spirit and scope of the invention. 

Accordingly, reference should be made to the following claims in determining 
the full scope of the invention. 
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SPECIFICATION. CLEAN COPY 

Please substitute the entire specification for the following. No new matter has been 
added. 

ELECTRODE STRUCTURE, BATTERY AND ELECTRICAL DOUBLE-LAYER 
CAPACITOR AND METHOD OF MANUFACTURING SAME 

Field of the Invention 

The present invention relates to a novel method of manufacturing an electrode 
structure, and to a manufacturing method for producing a battery and an electrical 
double-layer capacitor utilizing the electrode structure. 
Description of prior art 

A typical electrode structure of the prior art is manufactured by coating a current 
collector surface with a compound mixture containing an electrode material, a 
powdered electrically-conducting substance, binder and solvent, vaporizing the 
solvent by directing hot air flow, and drying the coating to attach an electrode layer to 
the surface of the current collector. Unfortunately, the electrode layer Is prone to 
peel away from the current collector and as a consequence the electrical resistance 
of the electrode layer does not decrease. Here, hot air flow is generated by a hot air 
heater utilizing outside air of 80-200t:: at 1 5-25m/second. For example as shown in 
Figure 11, the hot air heater Is configured such that electrode structures containing 
an electrode layer h coated on a current collector g is moved by the conveyor d Into 
the cabinet c and hot air flow f is directed onto the electrode layer h from a hot air 
outlet to vaporize the solvent involved. The hot air flow moves the solvent outwards 
by way of the cabinet outlet e. 

SUMMARY AND OBJECT OF THE INVENTION 

An object of this invention is to provide an electrode layer that adheres well to 
the current collector. 

Another object of this Invention Is to provide an electrode layer with low 
electrical resistance. 

Another object of this invention is to provide a battery or double-layer capacitor 
with an electrode layer having low electrical resistance and good bonding. 

This Invention relates to a method of manufacturing an electrode staicture by 
coating a compound mixture comprising an electrode material, binder, and solvent 

IB 



23/46 - RCVD AT 5/27/2004 9:53:39 PM [Eastern Daylight TimeJ * SVR:USPTO-EFXRF-iyO * DNIS: 8729306 • CSID:206 664 0329 « DURATION (mm-ss): 19-10 



May 27 2004 5:59PM Hpex Juris 20G-GG4-O329 p,24 



onto a current collector directing warm breeze onto the compound mixture coating 
to vaporize the solvent and form an electrode layer on the current collector. 

BRIEF DESCRIPTION OF DRAWINGS 
The above and other objects and advantages of the present invention will 
become readily apparent by reference to the following detailed description when 
considered in conjunction with the accompanying drawings. 

FIGS.1 A-F are plan views showing different types of electrode structures; 
FIG. 2 Is a schematic view of the fabrication of an electrode structure; 
FIG. 3 is a plan view of a breezy/air drying device used in this invention; 
FIGS.4A and B are views Illustrating the drying of the coated compound mixture 
by hot air flow and by breezy/air, respectively; 

FIGS,5A and B are plan views shewing different battery structures; 
FIGS.6A and B are plan views showing different structures of electric double- 
layer capacitors; 

FIGS. 7A-C are plan views showing different levels of peeling strength. 
FIG. 8 is a schematic view illustrating the covering of Ion-conducting polymer; 
FIGS. 9A-D are, plan, perspective and cross-sectional views of the respective 
press-sliding and kneading device; 

FIG. 10 is a plan view of a fixing or adhesion device; and 
Fig. 1 1 is a schematic view of a prior art hot air heating device. 

DETAILED DESCRIPTION OF EMBODIMENT 
The embodiments of the invention are next described while referring to the 
accompanying drawings. 

The electrode structure of this Invention can be used in the electrodes of 
electronic components wherein typically an electrolyte is provided between the 
electrodes. When the electrical component is a battery, the electrode structure 
exchanges electricity by way of electrolyte ions. When the electrical component is a 
double-layer capacitor, the electrode structure forms an electrical double-layer 
tjetween a material with a large surface area and electrolyte. 

Figure 1 Illustrates examples of typical electrode structures. The electrode 
structure of FIG. 1(A) Is used as the positive electrode of a battery. In this figure, the 
electrode structure 1 Is an electrode layer 18 consisting of an electrode active 
material as an electrode material 11, an electrically-conductive material 14, and 
binder 17, attached to the suri'ace of the current collector 13. Here, LIC0O2, i.e.. the 
powdered electrode active substance, for example, is used as the electrode active 
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material. In FIG. 1(B), an ion-conducting polymer 12 is attached to the powered 
electrode material 11 of FIG. 1(A). The ion-conducting polymer 12 also acts as a 
binder. FIG. 1(C) shows an electrode structure used in the negative electrode of a 
battery, in this figure, the electrode structure 1 is an electrode layer 18 consisting of 
a powdered electrode ac^e substance as an electrode material 11 and a binder 17, 
attached to the surface of the current collector 13. Here, graphite powder is, for 
example, used as the powdered electrode active substance. FIG. 1(D) is the 
electrode material of FIG. 1(C) coated with the Ion-conducting polymer 12. This ion- 
conducting polymer also functions as a binder. In FIG. 1(E), the electrode structure 
is used as an electrode for the double-layer capacitor. In this figure, the electrode 
stnjcture 1 is an electrode layer is consisting of a large surface area material as an 
electrode material 11 and a binder 17. attached to the surface of the current 
collector 13. Here, active carbon material, i.e., powdery high surface area material, 
is used, for example, as the large surface area material. In FIG. 1(F), an ion- 
conducting polymer 12 is attached to the powdery high surface area material of FIG. 
1(E). This ion-conducting polymer also functions as a binder. When the electrode 
material 11 is covered with the Ion-conducting polymer 12, this ion-conducUng 
polymer functions as a binder. The electrode material covered with the ion- 
conducting polymer is described In detail later on. 

An example of the manufacturing method of this invention to pn^duce an 
electrode structure is shown in FIG. 2. The electrode material 11, electrically- 
conductive material 14, binder 17, and solvent 19 are mixed together by slun7ing in 
a mixer 3 to obtain the mixed material 31 . The mixed material 31 is lightly coated 
onto the suri^ace of the current collector 13. The method for coating the mixed 
material 31 may proceeded by a doctor knife applicator The solvent of the mixed 
material coating is vaporized by breezy/air heating, and the material coating dried 
and attached to the current collector 13 as the electrode layer 18. As such, this 
invention provides the same advantages as an electrode layer obtained through the 
method of drying the mixed material coating by infrared radiation as disclosed In 
Japanese Patent Application No. 200Q-32279 by the present inventors. 

Bree2y/Air heating is a heating method for drying the mixed material 31 and is 
conducted by directing breezy/air with heat, i.e., warm breeze 51, to the mixed 
material 31 . A breezy/air heater 51 is a device used to heat an object by blowing air, 
wherein the breezy/air with heat, i.e., the wann breeze 51. is directed onto the mixed 
material to dry the mixed material into electrode layer 18. For example as in FIG. 3, 
the breezy/air is injected from an outside air inlet 59, dried by a dry air generator 58. 
and heated by an air heater 52, and the warm breeze 51 is injected into the cabinet 
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56 via a guide tube 53. The electrode layer 18 coated on the current coliector 13 is 
moved within the cabinet 56 by a conveying means such as a conveyer 55, The 
warm breeze 51 Is directed onto the electrode layer 18, vaporizes the solvent 
Involved in the electrode layer 18. and Is subsequently directed into the solvent 
collector 57 via ducts 54, thereby collecting the vaporized solvent. The warm breeze 
51 after removing the solvent is exhausted from partial ducts 60. and the rest of the 
air Is returned into the dry air generator 58. The warm breeze 51 in this invention 
preferably is a gas flow such as an air flow of 60-150X: and 0.1-3m/second or lower. 

When warm breeze 51 is used, the electrode layer 18 from the dried mixed 
material adheres (or bonds) well to the cun^nt collector 13, and the electrical 
resistance of the electrode layer 18 is also low. The reason for the above result may 
be shown In a hypothetical process as depicted in FIG. 4. FIG. 4 shows an 
enhanced view of the internal state of the mixed material 31 when the solvent 19 of 
the mixed material coated oh the current collector 13 is vaporized. FIG. 4(A) shows 
the conventional method of applying hot air flow f of SO-ZOOt: at 15-25m/sacond 
onto the mixed material 31 to vaporize the solvent 32 mixed with a binder. FIG. 4(B) 
shows the method of this invention wherein the warm breeze 51 of 60-1 50'C and 
0,1-3m/second, is directed onto the mixed material 31 to vaporize the solvent 32 
mixed with a binder. 

The solvent vaporization process worths as follows in the case of the 
conventional method of directing the hot air flow f of FIG. 4(A). First, when hot air 
flow f Is applied to the surface of the mixed material, the area around the surface of 
the mixed material 31 suddenly warms up in the hot air flow f, and the solvent on the 
suri=ace is vaporized and blown away by the hot air flow f . The solvent near the 
surface therefore quickly vaporizes, and to compensate, the solvent at the interior of 
the mixed material and near the collector electrode moves to the vicinity of the 
surface The binder contained in the solvent and the powdered conducting material 
are at this time earned to the suriPace of the mixed material 31 along with the solvent. 
That is. mignation of the binder and the powdered conducting material occurs. As a 
result, the binder concentration of the mixed material in the vicinity of the current 
collector 13 and the powdered conducting material concentration become thin. The 
electrode layer therefore tends to easily peel away from the current collector 13; the 
relative electrical resistance in the vicinity of the current collector becomes highland 
the resistance of the electrode overall becomes high. 

In contrast, in the method of this invention shown In FIG, 4(B) In which the wami 
breeze 51 is directed, the solvent vaporization process wori<s as follows. When the 
warm breeze 51 is directed onto the mixed material surface, the warm breeze 51 
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gradually heats up the entire mixed material and gradually vaporizes the solvent 
from the mixed material surface. The concentrations of binder and powdered 
conducting material 14 therefore remain uniform overall. That is, migration of the 
binder and the powdered conducting material is prevented. As a result, the binder 
concentration in the vicinity of the current collector 13 does not become weak (or 
thin) in the electrode material of dried mixed material 31. Accordingly, the electrode 
layer adheres well to the cument collector 13, Further, the concentration of Ihe 
powdered conducting material in the vicinity of the current collector 13 does not 
become weak either, so that the electrical resistance of the overall electrode layer is 
low. 

The current collector 13 may be any material capable of conducting electricity, 
and the material and shape can be selected according to the electronic component 
containing member 13. As one example, the electrically-conductive material may be 
aluminum or copper and formed Into a plate, leaf or mesh shape. When the current 
collector is a plate or leaf shape, one or both sides are used according to the 
structure of the electronic comp>onent. 

The electrode layer 18 for adhering to the current collector 13 may be pressed 
into the current collector to make it further adhere. To further fix film 18, a fixing 
device 4 as shown in Fig. 10 is used. An electrode structure 1 made from cun-ent 
collector coated with mixed material is enclosed by the pressure rollers 41. 
Electrode layer can t>e bonded to the current collector by applying a rotating 
pressure with the pressure device 43 and by means of the backroller 42 applied 
against pressure rollers 41 . Further, the fixing or adhesion device 4 is not limited to 
a four-roller device and is sufficient as long as it presses and adheres the electrode 
layer to the current collector. For example, a two-roller press device may be 
appropriate. 

The electrode structure of FIG. 1(A) or FIG. 1(B) can be used as the positive 
electrode while an electrode structure useful as a negative electrode is shown in 
FIG. 1(C) or FIG. 1(D). An electrolyte may be positioned between the respective 
electrode structures. FIG. 5 shows an example In which a battery compises an 
electrode structure of FIG. 1(B) as the positive electrode and an electrode structure 
of FIG, 1(D) as the negative electrode. Here, FIG. 5(A) shows the case when the 
electrolyte is a liquid electrolyte 18. and a separator 15 is placed between the 
electrodes, FIG. 5{B) shows the case when the electrolyte is an ion-conducting 
polymer 12 in solid. The separator 15 is Installed to isolate one pair of electrode 
structures 1, and the electrolyte can be used in solid when required according to 
circumstances. 
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The double-layer capacitor has a structure with electrolyte placed between one 
pair of electrodes of the electrode structure of FIG. 1(E) or one pair of electrodes of 
the electrode structure of FIG. 1(F). A double-layer capacitor utilizing the electrtxle 
structure of FiG. 1(E) Is shown in FIG. 6(A), and a double-layer capacitor utilizing the 
electrode structure of FIG. 1(F) is shown In FIG. 6(B). Here. FIG. 6(A) shows the 
case when the electrolyte is a liquid electrolyte 16, and a separator 15 is placed 
between the electrodes. FIG. 6(8) shows the case when the electrolyte is an ion- 
conducting polymer 12 In solid. The separator 15 is installed to isolate one pair of 
electrode structures 1, and the electrolyte can be used in solid when required 
according to circumstances. 

Examples of the electrode structure are described next. 

Eight electrode stoicture sample pieces 1 - 8 were dried using two types of 
heating methods; one method was the hot air flow method of the prior art and the 
other was breezing/air heating method of this Invention. The peeling strength and 
impedance (Q/ohm) of these sample pieces were measured. A battery using the 
electrode structures was prepared and a cycle degradation was measured. The 
ratio (proportions) of electrode material, conductive material, binder, and solvent 
material used in the preparation of the sample pieces are shown in Table 1. 

TABLE 1 







ACTUAL ELECTRODE COMPOSITION (per welaht) 




Active 


Powdar 


Birders 


Thickness 


Solvent {per 
weight) 


Sample 


carbon; 
material 

or 
UCoOs 


conducting 
matarial 
(carbon 
black) 


Polymer 
A1 


Polymer 
A2 


Teflon 


PVDF 


of electrode 


1 


20 


0 






0.24 




350 


NWP (30) 


2 


20 


0 


1 








75 


NMP (30) 


3 


20 


0 




1 






50 


NMP (30) 


4 


20 


0 






1 




75 


NMP (30) 


5 


18 


2 


1 








350 


NMP (30) 


6 


18 


2 






1 




350 


NMP (30) 




(LIC0O2) 
















7 


ai 


6 








3 


85 


NEK(20) + 
NMP (10) 


8 


91 


9 




11 






92 


NMP (20) 
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Samples 1 through 6 represent electrodes useful for capacitors. The electrode 
material was made from phenol active carbon (made by Kansai Chemical Corp.) 
which was dry mixed wth carbon black, i.e., the powdered conductive material, as 
the conductive material, utilizing a mixer Samples 7 through 8 represent positive 
electrodes for batteries. Carbon blacl< of the powdered conductive material as the 
electrode was added to LiCo02 of the powdered electrode active substance which 
served as the electrically-conductive material by dry type mixing performed utilizing a 
mixer. The binder was then added to ail the samples 1 through 8 and mixing 
performed. A specified amount of solvent was further added and mixing was 
performed. After mixing, the material was coated onto the collector element with a 
doctor knife applicator. The samples were then dried by breezy/air heating or 
conventional hot air heating. 

The samples 1 to 6 utilized active carbon material as the electrode material. 
Sample 7 utilized LiCoOa as the electrode material and PVDF (poiyvinylidene 
fluoride) as the binder. Sample 8 utilized LiCoOs as the electrode material and 
polymer A2 as the binder, and was covered with ion-conducting polymer. Samples 1 
through 4 contained no carbon black powdered electrically-conducUng substance, 
and samples 5 through 1 1 contained carbon black though there were differences in 
the concentrations used in the samples. Polymer A1, polymer A2, Teflon powder, 
and PVDF were used as the binders. Polymer A1 and polymer A2 were ion- 
conducting polymers. The raw materials used to form polymers A1 and A2 are 
shown in Table 2 and Table 3, respectively. NMP (N methy|.2-pynx)iidone) was 
mainly used as the solvent, and MEK (methyl ethyl ketone) was used only in 
preparing sample 7. 



TABLE 2 



Substance 


Mixing ratio 
(weight parts) 


Trl-lijnctional (propylene glycol/ethylene glycol) random 
copolymer. SANNIX FA-103 (PO/EO=2/8. Mw=3,282, 
Sanyo Chemical Industries. Ltd.) 


8.36 


Difunctional 1 . 4-butanediol 


0.34 


Ethylene cyanohydrin 


1,27 


Reaction catalyst NC-IM (Sankyo Air Products K.K.) 


0.03 
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Total 


10 


TABLE 3 


Substance 


Mixing ratio 
(weight 
parts) 


Cyanoethylated/dihydroxypropylated polyvinyl alcohol 


0.625 


Methoxypolyethyleneglycol methacrylate {moL wt. 46S) 


3-125 


Trimethylolpropanetrimethacrylate (mol. wt. 536) 


6.25 


Total 


10 



With respect to breezy/air heating of this invention, the air heater 52, the 
ancillary dry air generator 58, and the solvent collector 57 are driven to generate dry 
air. The warm breeze is supplied into the cabinet 56 at Im/second (approximately 
minimum of 0.5-maximum 1.5m/second) An area within the cabinet 56 wherein the 
warnn breeze is flown through Is divided Into a first zone keeping the warm breeze 
approximately at 80 and a second zone keeping the warm breeze approximately 
at 100 "C. The sample material is supplied into the first zone then Into the second 
zone at 3m/mlnute, Length of the first and second zones each is approximately 
4.5m (total of 9m). the time required for the air to flow though is approximately 3 
minutes, and the mixed material is dried for 3 minutes. As such, the mixed material 
was dried so that migration of the binder and the powdered conducting material may 
be prevented. 

A device as shown in FIG. 11 was utilized for the hot air heating, where outside 
air within a room is drawn from outside of the device. The hot air flow had a 60% 
relative humidity and was directed at the sample at 15m/second few 3 minutes to dry 
the mixed material. The same procedure as in breezy/air heating was performed 
except for the wind velocity and drying of the hot air flow. For a reference purpose, 
the hot air flow of dried outside air as in this invention was also tested. That is, all 
the same steps In the above hot air flow heating are used except for the dry air 
instead of outside atr (having 60% relative humidity). 

To measure the peeling strength, cellophane tape (KOKUYO TSS18N width 
18mm, thicl<n€S3 50 ^m) was attached to the electrode layer fabricated on the 
surface of the current collector, and the cellophane tape was then pulled away to 
make the electrode layer stuck onto the cellophane tape separate from the current 
collector. A peeling strength ranking could then be established according to the 
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amount of electrode layer peeled from the surface of the current collector. FIG. 7 
taken from photographs shows the electrode layer stuck to the cellophane tape. 
FIG. 7(A) taken from photographs shows a small flaked portion of the upper 
electrode layer, which is ranked a. (The blacken portion In the photograph is the 
flaked portion of the electrode layer.) FIG. 7(B) taken from photographs shows a 
small flaked portion of the middle electrode layer, which is ranked b. (The blacken 
portion in the photograph Is the flaked portion of the electrode layer.) FIG. 7(C) 
taken from photographs shows an electrode layer completely peeled from the 
current collector, which is ranked c. (The blacken portion in the photograph is the 
flaked portion of the electrode layer.) For samples measurement, the results of 
peeling strengtli and Impedance (Q/ohm) are shown in Table 4, 



TABLE 4 



Sannpla 


Dry breezy/air heating 


Hot outside air heating 


Hot dry air heating 


Peeling 


Impedance 


Peeling 


Impedance 


Peeling 


Impedance 




Strength 


(Cl/ohm) 


Strength 


(Q/ohm) 


Strength 


<n/ohm) 


1 


a 


2.5 


c 


96 






2 


a 


0.7 


b 


36 






3 


a 


0.9 


b 


8.6 






4 


b 


0.5 


c • 


1.8 






5 


a 


0.3 


b 


iM 






6 


a 


0.7 


c 


1.35 






7 


b 


2.3 


c 


6 


c 


5 


8 


a 


0.5 


b 


3 


b 


3 



To measure the Impedance (Q/ohm), the electrodes formed on the collector 
element were enclosed by copper plates of 2 centimeters in diameter and 5 
millimeters thick. A pressure of 4.5 kilograms per centimeter was applied from 
above and below, and the resistance at 10 kilohertz AC was measured with an 
impedance analyzer, 

On comparing dry breezy/air heated samples and outside hot air heated and dry 
hot air heated samples having the same sample numbers. In all cases, the peeling 
strength far the dry breezy/air heating samples was found to be one or two ranks 
higher than the hot air heated samples. In the impedance test results also, the 
breezy/air heated samples had an impedance (Q/ohm) which was small, indicating 
low resistance. Further, comparing the outside hot air heating with dry hot air 

26 



PAGE 31M6 ' RCVD AT 5^7/2004 9:53:39 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/0 * DNI8:8729306 * CSID:206 664 0329 * DURATION (mm-ss):19-10 



May 27 2004 6:03PM Rpex Juris 



206-664-0329 



p, 32 



headng only as to the samples 7 and 8, there does not exist large differences 
regarding the peeling strength and Impedance (Q/ohm) between the two. 

An electrode prepared according to the above-embodiment was used to prepare 
a battery, and Table 5 shows comparison results of dry breezy/air heating, outside 
hot air heating, and dry hot air heating. A lithium ion battery was prepared by 
combining the positive electrode using LiCo02 obtained through breery/air heating 
and hot air heating (including outside air and dry air) of sample 7 as an active 
material and a negative electrode using graphite as an active material, which was 
used as test samples. Charging and discharging were perfomned using the test 
samples. As this negative electrode, using a normal blade mixer, 9.5 weight part of 
powdered graphite with average particle size of 4^^ . i.e., powdery electrode active 
material, was mixed with 25.5 weight part of n-methylpyn^olidone having 0.5 weight 
part of dissolved polyvinylidene fluoride (PVDF) without ion conductive polymer, as 
the macromolecuiar binder. After mixing about 8 hours, the mixed material was 
taken out arKj was placed on a copper foil of 20m m in thickness and was cast using 
a doctor knife applicator with gap of 100 m. Then, breezy/air drying with the dry air 
of this invention was conducted to vaporize n-methylpyrrolidone. The electrode thus 
obtained had a thickness of 80 m. The battery had a separator between the 
positive electrode having an electrode layer of 0.94cm^ on one surface and the 
negative electrode having an electrode layer of 0.94cm^ on one surface in order to 
prepare a coincell. Electrolyte was filled up to prepare a test cell. EC/DEC(1/1 )VA/ 
solution dissolving 1.0M of LiPFe was used as electrolyte. 

The result of cycle degradation is shown in Table 5. The amount of charging 
and discharging at the first cycle (time) was assumed to be 100 and which will be 
compared vwth the amount at 2O0 cycles and 400 cycles. Conducting breezy/air 
heating accordingly was found to produce an electrode with less degradation as 
shown in Table 5. Further, comparing the outside air heating with dry hot air 
heating, the amount of charging and discharging at 200 cycles and 400 cycles 
regarding the dry hot air heating showed better results so far as the cycle 
degradation is concerned. 



TABLE 5 



Condition of drying 


Positive electrode 
No. 


Discharging ratio at 
200 cycles 


Discharging ratio at 
400 cycles 


Breezy/air drying of 
dry air 


7 


96 


94 



27 



PACE 32/4B " RCVD AT 5/27^004 9:53:39 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/0 * DNIS: 8729306 * CSID:206 BW 0329 * DURATION (mm-ss): 10-10 



May 27 a004 6:03PM Rpex Juris 2OG-GG4-0329 p. 33 



Hot air drying of 
out&ide air 


7 


66 


80 


Hot air drying of dry 
air 


7 


91 


87 



When air with relatively higher humidity is heated to prepare an electrode, 
electrode materials within the electrode sometime absorb moisture. Especially for a 
battery and an electrical double-layer capacitor used with high voltage (i.e., 1.5V or 
more), a trace of moisture absorbed may cause electrolysis within the electrode to 
generate hydrogen and oxygen. As a result of the above condition. It is considered 
that cycle degradation occurs. 

Also, with respect to a lithium type battery, LIPFs and UBF4 may be used as the 
Ion conductive salt. Since these materials react with a trace of moisture and 
generate HF, HF generated corrodes a wide variety of materials to cause cycle 
degradation. Accordingly, zero temperature of air as dry air should be -10^ or 
lower, preferably -20*^ or lower, more preferably -40^; or lower and most preferably 
-SO'C or lower. 

Here, the condition for charging should be such that charging is first conducted 
at a charging current of 0,21-0,26mA/cm2, secondly, maintaining a charging voltage 
of 4.2V for two hours upon reaching 4.2V, and thirdly, pausing the charging for ten 
minutes. The condition for discharging should be such that discharging Is conducted 
at a discharging current of 0.21-0.26mA/cm2 up to 2.7V of final voltage and pausing 
the discharging for ten minutes. Charging and discharging are repeated under 
room temperature. 

The electrode material coated with ion -conducting polymer is described next. 

In FIG. 1, the powdered electrode active substance 11 has the shape of 
particles consisting of bonded particles like LiCoOz. The process for depositing the 
ion-conducting polymer 12 Is also shown. Here, "adhere" or "adhesion" means that 
ions are attached in such manner that the ions can migrate between the ion 
conductive polymer 12 and the entire surface of the powdery electrode material. It 
means that the ion conductive polymer 12 adheres to the surface of the powdery 
electrode material 1 1 and covers it with the ion conductive polymer 12. The finer the 
particles are, the more active the powdery electrode active materiel 11 is. When it 
is adhered to and covered by the ion conductive polymer 12, the activity is 
suppressed and can be turned a to more stable state. When the deposit of ion- 
conducting polymer 12 is thick, the electrical conduction decreases, and the current 
(charge) collection is poor. Accordingly, forming a thin coating of Ion-conducting 
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polymer is preferable. Inventions relating to electrode structures coated with Ion- 
conducting polymer have already been proposed by the applicants of this Invention 
(Japanese Patent Application 11 -262501 » and Japanese Patent Application 11- 
262502). 

The powder shape such as for the powdered electrode active substance 11 and 
powdered conducting material 14 Is a fine partide substance. Further, such a 
powder Is a collection of many substances. In certain cases, this fine particle 
substance refers to a state wherein a large number of substances In a fine particle 
state constitute an agglomeration. 

The powdered electrode active substance uses ion inseriable-separable 
materials and n ^conjugated conductive macromolecular materials. For example, 
there are no particular restrictions on the electrode active substance used as the 
positive electrode for non-aqueous electrolyte batteries. However, in the case of 
chargeable batteries, chalcogen compounds allowing ion insertion/separation or 
composite chalcogen compounds containing lithium are recommended. 

FeS2. TiSz, M0S2, VaOa. VeOis, and Mn02 may be employed as the above- 
chalcogen compounds. The chalcogen compound having lithium as described 
above Includes LIC0O2, LlxNiyMi-y02 (where M represents at least one type of metal 
element selected from transition metal or aluminum, or more preferably, it 
represents at least one type of metal element selected from Co, Mn, Ti, Cr. V, or Al, 
and 0.05 ^ x ^1.10 and 0.5 ^ y ^ 1.0). LINiOa, LiMnOa, LIMn204. etc. Using 
oxide, salt or hydroxide of lithium, cobalt, nlcl<ei or manganese as starting materials, 
these starting materials are mixed in adequate composition, and the mixture is fired 
in the temperature range of 600*C - AOOO'XZ under oxygen atmosphere. 

There are no particular restrictions on the electrode active substance used as 
the negative electrode for non-aqueous electrolyte batteries. However, a material 
allowing lithium ion insertion/separaljon may be used, and lithium metal, lithium 
alloys (alloys such as lithium and aluminum, lead, indium) and carbon quality 
materials may be utilized. 

Polyacetylene types, polyaniline types, polypyrrole types, polythiophene types, 
poly- p (para) -phenylene types, polycarbazole types, polyacene types and sulfur 
polymer types are among the useful tc -conjugated conductive macromolecular 
materials. 

Using lithium metals in the negative electrode achieves a large battery capacity 
pariiculariy in primary non-aqueous electrolyte batteries. 

Also, in non-aqueous electrolyte batteries, using carbon materials in the 
negative electrodes, that are capable of lithium ton insertion/separation yields a 
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longer battery cycle life span. There are no particular restrictions on the carbon 
material used but materials such as pyrolytic carbon types, coke types (pitch coke, 
needle coke and petroleum coke, etc.) graphite types, glass carbon types, organic 
macromoiecular compound fired products (carbonized pieces baked to a suitable 
temperature such as phenol resin and furan resin) carbon fibers and active carbon 
may be utilized. 

The powdered electrically-conducting substance raises the conductivity of the 
electrode structure and though there are no particular restrictions, materials such as 
metal powder and carbon powder may be used. Particulariy, preferred carbon 
powders are pyrolytic carbons such as carbon black, and their graphite products, 
artificial and natural scaly graphite powder, cartoon fibers and their graphite products, 
etc. Product mixtures of these carbon powders are also utilized. 

The ion conductive polymer is a polymer, which can dissolve at least an ion 
conductive salt such as lithium salt at concentration of 0.1 M (mol/l) or more shows 
an electrical conductivity of 10'* S (siemensVcm or more at room temperature. 
Preferably, it is an ion conductive polymer, which dissolves at least ion conductive 
salt such as lithium salt and exhibits electrical conductivity of 10'^ S/cm -10"^ S/cm at 
room temperature. 

The lithium salt is at least one type of lithium salt ha^rtng CIO4*. CF3SO3", BF4', 
PFe", AsFe*, SbFo", CF3C02" or (CF3SOz)2N" as anion, 

The ion-conducting polymer raw material is a substance which produces the 
ion-conducting polymer by polymerizing, cross-linking, etc., when energy is supplied 
externally. Also, the raw material itself may be a polymer. The energy may be heat, 
ultraviolet light, light or electron radiation. 

The method of manufacturing these electrode structures will now be described. 

The method of coating the powdered conductive material with the ion- 
oonducting polymer as is shown in Fig» 8 is to press-slide the ion-conducting polymer 
and the powdered electrode active substance against each other In this process, 
by using only a minute amount of the ion-conducting polymer, the particle surfaces 
of the powdered electrode active substance are coated with the ion-conducting 
polymer, no voids are formed, and gaps In the powdered substance are reduced. 

Press-sliding Is the action of sliding while pressing mixtures 10 of the ion- 
conducting polymer 12 or the raw material of the ion-conducting polymer 12 and the 
powdered substance 1 1 together. An external force is applied to the mbctures so 
that they cohere to each other and the particles rotate, and this process is performed 
repeatedly to obtain a press-sliding product. 
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The press-sliding and kneading mixer is siiown, for example, in Fig, 9(A), The 
mixture 10 of the ion conductive polymer12 and the powdered material 11. or a 
mixture containing tJiis mixture and a mixture 10 containing solvent, Is placed In a 
container 21. and a main blade 22 is rotated. There is a gap between a bottom 21 1 
of the container 21 and the main blade 22. When the main blade 22 Is rotated, a 
part of the mixture 10 is moved between the bottom 211 of the container 21 and the 
main blade 22. It is subject to press-sliding and kneading. This process is repeated 
to coat the ion-conducting polymer 12 on the powdered substance 11. A press- 
sliding mixer 2 may if necessary be provided with a dispersion blade 23 in the 
container 21. The dispersion blade 23 Is rotated at high speed via motor 231 to 
disperse the press-slide mixture 1 0. 

The container 21 is provided for holding the mixture 10 which is presa-slld and 
stinted. At the bottom of the container 21 , there is provided a lower portion 2111 with 
a part of it at lower position. The bottom surface is inclined upward as it goes toward 
the peripheral portion of container 21 . For Instance, the bottom surface is lower at 
the center, and gradually goes up toward the periphery. The bottom 211 is fonmed 
in the shape of a conical mortar. The inclination angle of the lower portion 21 1 1 is 
set to ISCC. for example. The bottom 211 of the container is wear-resistant, and 
can be formed by thermal spraying with tungsten or carbide using SUS. Plural 
bottom parts of this type may also be formed on the bottom surface 21 1 1 . 

The main blade 22 functions together with the bottom surtace 211 of the 
container 21. serving to press-slide and stir the mixture 10. The main blade 22, is 
positioned via shaft 221 to the desired location relative to the bottom 21 1 of the 
container 21 as shown for example In Figs, 9(A) and 9(B). The main blade 22 
cun/es upwards conresponding to the slant of bottom 21 1 of the container 21. The 
main blade 22 may comprise two blades attached from the center part as shown In 
Fig. 9(B). or it may comprise a larger number of blades, e.g. 10 or more, depending 
on the amount and type of mixture. 

The number of rotations of a main motor 222 driving the main shaft 221 is set 
low for example to 120 rpm or less, when press-sliding Is performed. 

The gap between the bottom surface 211 of the container 21 and the base 
surface of the main blade 22 is set as narrow as is necessary for press-sliding the 
mixture, for example 15 mm or less. This distance depends on the capacity of the 
press-sliding mixer 2 and on the shape of the main blade, etc. 

The surface in the motion direction (press-sliding direction) of the main blade 22 
is formed so that a pressing angle B relative to the bottom surface of the coniainer 
21 is an acute angle. For example, if the cross-section of the main blade 22 is a 
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reverse trapezoid a& shown in Fig. 9(C), the pressing angle is fronri 3-70 degrees. 
The cross-section of the main blade 22 may also be circular or have a rounded 
corner as shown in Fig. 9(D). The material of the main blade has wear-resistant 
properties, and Is formed for example by thermal spraying with tungsten or carbide 
using SUS* 

The surface of the main blade 22 opposite to the advancing direction (direction 
of pressurizing and grinding) Is designed in such manner that it runs almost 
perpendicularly to the bottom surface and at acute angle. As a result, when the 
main shaft 221 is rotated in reverse direction, the mixture 10 can be collected on the 
periphery of the main shaft 221 . 

If there are plural bottom parts on the bottom surface 211, the center parts of 
the main blade 22 are also disposed in positions of the bottom part corresponding to 
their number. 

The dispersion biade 23 disperses the mixture 10 which is press-siid by the 
main blade 22. The dispersion blade 23 Is disposed in a position at which the 
mixture 10 can be dispersed, and it rotates at a high speed such as 1000-4000 rpm- 
Due to this high speed rotation, the Ion-conducting polymer 12 or Its raw material 
coated on the particle surfaces of the powdered substance 1 1 uniformly disperses 
through the whole of the powdered substance. 

This invention as described above, renders the following effects. 

An electrode layer that adheres well to the current collector can be obtained. 

An electrode layer with low electrical resistance can be obtained. 

A battery or double-layer capacitor with an electrode layer having low electrical 
resistance and good bonding can be obtained. 

It is readily apparent that the above^escribed Invention has the advantages 
of wide commercial utility. It may be understood that the specific form of the 
invention hereinabove described is intended to be representative only, and certain 
modiUcations within the scope of these teachings will be apparent to those skilled in 
the art without departing from the spirit and scope of the invention. 

Accordingly, reference should be made to the following claims in determining 
the full scope of the invention. 
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